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Recent LHC data suggest an excess in the Higgs decay channels into γγ and ZZ at ∼125 GeV. The current
excess in the diphoton channel is twice that expected from a Standard Model Higgs; whilst this may well change
with more statistics, it is interesting to consider the implications should the result persist. Here, we assess
whether the NMSSM with a neutralino dark matter candidate could explain this excess when astrophysical
constraints (e.g. no overproduction of gamma rays and radio emission in the galaxy, no anomalous excess in the
dark matter direct detection experiments and no dark matter overabundance) are imposed on the neutralino. This
enables us to disregard unphysical regions of the parameter space even though the Higgs signal is compatible
with the observed excess. The result of our analysis is that there are configurations of the parameter space
which can explain the signal strength reported by the ATLAS and CMS collaborations for a Higgs mass within
the required range. Should the observed signal strength finally be compatible with Standard Model expectations,
it would be difficult to distinguish between the discovery of Standard Model Higgs and a SM-like Higgs from the
NMSSM, unless one performs dedicated searches of very light Higgs bosons and possibly investigate peculiar
signatures of supersymmetric particles. We also propose a new jets + missing ET signal for the case where the
LSP is a singlino-like neutralino.
I. INTRODUCTION
The LHC collaborations have reported new results on the
search for the standard model Higgs, h [1, 2]. By combin-
ing analyses, the ATLAS collaboration has excluded the SM
Higgs in the mass range 112.7 GeV <Mh < 115.5 GeV and
131 GeV <Mh < 453 GeV at 95%CL with an integrated lu-
minosity up to 4.9 f b−1. Similarly, the CMS collaboration ex-
cluded a SM Higgs in the range 127 GeV < Mh < 600 GeV
at 95%CL with integrated luminosity of 4.6− 4.7 f b−1. Fur-
thermore, ATLAS reported an excess at 2.8σ in the h→ γγ de-
cay channel, consistent with a Higgs mass Mh = 126 GeV [3].
This signal is larger than expected from a SM Higgs (with sig-
nal strength σ/σSM = 2±0.8) and might favour new physics.
An excess in the γγ channel was also reported by the CMS
experiment [4] but at a slightly lower mass Mh = 124 GeV.
Although ATLAS and CMS statistics are not sufficient to
claim a Higgs discovery, it is interesting to assume that these
are possible evidence for the Higgs [5–19] and investigate
whether this is compatible with the predictions which arise
in supersymmetric extensions of the Standard Model such
as the Minimal Supersymmetric Standard Model (MSSM) or
Next-to-MSSM (NMSSM). To fit the data, the Higgs candi-
date must have both a mass in the favoured range (that is,
[122,128] GeV when taking into account the theoretical and
experimental uncertainties [6]) and a signal strength that is
consistent with the value of σ/σSM measured by ATLAS and
CMS.
In the MSSM, the Higgs mass is required to be light Mh ≤
135GeV [20]. While a Higgs mass of 125 GeV or larger is still
possible it requires appreciable fine-tuning [21]. In addition,
the question of whether the signal strength can be as large
as suggested by the data must be answered. Assuming that
the Higgs is produced by gluon fusion, the signal strength is
defined by the ratio
RggXX =
σ(gg→ h)BSMBR(h→ XX)BSM
σ(gg→ h)SMBR(h→ XX)SM
where X can be either photons, Z or W . It is generally ex-
pected that, after applying other constraints on the model,
Rggγγ is at most as large as unity [16, 22, 23]. Indeed, the large
mixing in the stop sector (which is required to have a large
enough Higgs mass to fit the data) means that the stop contri-
bution to the Higgs-gluon-gluon (hgg) loop-induced vertex in-
terferes destructively with the dominant top contribution. This
reduces the Higgs production cross section and is not com-
pletely compensated by the increase in the Higgs-γ-γ coupling
(even though an exception was found in a corner of the param-
eter space where heavily mixed staus can lead to an increase in
the h→ γγ partial decay width [7]). Large SUSY corrections
to the h→ bb¯ partial decay width may nevertheless reduce the
Higgs total width and hence lead to an increase of the h→ γγ
branching ratio. The presence of a light neutralino could also
have a strong impact on the Higgs signal since this would in-
crease the Higgs decay width into invisible particles [23–25]
and therefore decrease the signal in visible channels such as
h→ γγ.
In the NMSSM (a singlet extension of the MSSM [26]),
the Higgs mass receives additional corrections from the sin-
glet sector. As a result the fine-tuning problem is less severe
and one more naturally obtains Higgs masses of about 125
GeV [21, 27, 28]. In [15], it was found that the signal strength
could reach at most the SM value within the framework of
the constrained NMSSM. As in the MSSM, the contribution
of SUSY particles in the loop-induced hgg and hγγ couplings
lead to an overall suppression of the signal strength. Hence,
it would be difficult to explain the central value σ/σSM ∼ 2
reported by both collaborations. Values of Rggγγ larger than
unity were nevertheless found in the NMSSM when the Higgs
doublet was heavily mixed with the lightest Higgs singlet
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2[29–31]. Indeed, in this case, the singlet component of the
Higgs can cause a greater suppression of the partial decay
width for Hi→ bb¯ than for Hi→ γγ, thus boosting the Hi→ γγ
branching ratio. (Here H1,H2 are the two lightest scalar Hig-
gses of the NMSSM.)
The results in [29–31] therefore raise hopes to find Higgs
candidates in the NMSSM which could fit recent LHC data.
However, there is no indication of how likely these sets of
parameters are with respect to the rest of the parameter space
and whether they fit both the mass and signal strength when
constraints on neutralino dark matter are applied. For example
it may be that the LSP in these configurations leads to a too
large relic density with respect to cosmological observations,
thus excluding the model. Furthermore, direct detection limits
from the XENON100 experiment [32] or indirect detection
limits from gamma-rays from dwarf spheroidal galaxies [33]
(which are known to constrain the properties of the neutralino
LSP, especially if it is light [34]) might have an impact on
Higgs properties.
In this paper, we focus on the NMSSM and address the
question of the Higgs mass and signal strength in the γγ
and WW/ZZ modes when both dark matter and LHC con-
straints on the Higgs sector and on supersymmetric parti-
cles are simultaneously taken into account. We will as-
sume Friedman-Robertson-Walker (FRW) cosmology, stan-
dard thermodynamics and the freeze-out mechanism to com-
pute the relic density.
The paper is organised as follows. In Section II, we recall
the parameter space for the NMSSM and the relevant con-
straints from colliders and astroparticle physics. We recall the
LHC searches useful for our analysis in Section III. We deter-
mine the parameter space and give the characteristics of the
Higgs which can fit the latest LHC data when neutralinos are
required to be lighter than 15 GeV in Section IV and when
this condition is relaxed in Section V. We conclude in Section
VI.
II. THE NMSSM AND PREVIOUS DARKMATTER
STUDIES IN THE NMSSM
A. The NMSSM
The NMSSM is a simple extension of the MSSM that con-
tains an additional gauge singlet superfield. The VEV of this
singlet induces an effective µ term which is naturally of the
order of the electroweak scale, thus providing a solution to
the naturalness problem [27]. The model contains three CP-
even (H1,H2,H3) and two CP-odd (A1,A2) Higgs bosons: one
more than the MSSM in both cases, due to mixing of the sin-
glet with the two doublets.
Among the interesting features of the NMSSM, there is
a coupling λSHuHd in the superpotential which leads to a
positive contribution to the mass of the SM-like Higgs bo-
son for small values of tanβ. In addition, the presence of
singlet/doublet mixing can lead to an H2 Higgs with a mass
within the observed range and a light eigenstate, H1, compat-
ible with all collider bounds despite the fact that mH1 is much
smaller than ∼ 120 GeV. This happens if the singlet compo-
nent of H1 is large enough to reduce its couplings to the SM
fields [27]. When this singlet component is not large, H1 be-
comes SM-like and H2 can be much heavier than ∼120 GeV.
In the NMSSM, it is therefore possible to either have H1 or H2
in the [122-128] GeV mass range (or even both), as favoured
by the latest LHC data.
The NMSSM also contains an additional neutralino, re-
ferred to as the singlino. Due to its singlet nature the singlino
can be very light, hence providing a potential light dark matter
candidate. However many of these scenarios are excluded, as
shown in [34–36], because they overproduce gamma rays (or
radio emission) in the galaxy or appear to be in conflict with
latest direct detection experiment constraints.
B. Previous scans and NMSSM parameter space
In order to make sure that the Higgs scenarios that we con-
sider are all relevant, we base our present analysis on [34–36]
in which we explored the NMSSM parameter space in light
of particle physics and astroparticle physics constraints. In
these studies, based on two different Markov Chain Monte
Carlo (MCMC) analyses, we required that the LSP relic den-
sity does not exceed the WMAP observed value (but it can
be much lower than this, hence calling for another type of
particles to solve the dark matter problem) and also took into
account limits from B- physics, (g− 2)µ, as well as LEP and
Tevatron limits on the Higgs and SUSY particles. These in-
clude in particular limits from the invisible width of the Z as
well as from neutralino production at LEP. LHC limits on the
Higgs sector computed with NMSSMTools [37] were also in-
cluded as well as theoretical constraints on the model (Landau
pole or unphysical global minimum). Additional constraints
such as direct detection limits from XENON100 [32], gamma
rays from dwarf spheroidal (dSph) galaxies probed by Fermi-
LAT [38] and the radio emission in the Milky Way (MW) and
in galaxy clusters [39, 40] were superimposed on the parame-
ter space selected by the MCMC.
In the first analyses [34, 35], we imposed the condition that
the neutralino be relatively light (between 1 and 15 GeV). This
was motivated by hints of a signal in direct detection experi-
ments [41–43]. However since these signals have not been
established yet, we relaxed this condition on the mass in the
second study [36]. Even though the second study encompass
all LSP masses, a separate analysis with a prior on the neu-
tralino mass is needed to ensure a complete coverage of the
parameter space of this rather fine-tuned scenario and investi-
gate thoroughly the special features associated with light neu-
tralinos. For this reason we continue to keep the two analyses
separate in this work.
The model that we considered in both analyses has input
parameters which are defined at the weak scale. The free pa-
rameters are taken to be the gaugino masses M1,M2,M3, the
Higgs sector parameters µ, tanβ, λ,κ,Aλ,Aκ, the common soft
masses for left- and right-handed sleptons Ml˜L , Ml˜,R and the
common soft masses for the squarks of the first and second
generation (Mq˜1,2 ) and third generation (Mq˜3 ). At last, we take
3one non-zero trilinear coupling, At . For more details, see [36].
For the analysis with the mχ < 15 GeV requirement, we
consider only scenarios with one common soft mass for slep-
tons (Ml˜L = Ml˜,R), one common mass for squarks (Mq˜3 =
Mq˜1,2 ), and the gaugino mass relation M2 =
1
3M3. The latter
is imposed to reduce the number of free parameters knowing
that the gluino does not play an important role in dark mat-
ter observables for light neutralinos. For the analysis without
the mχ < 15 GeV requirement (which we explored in the later
work [36]) we relaxed these three conditions, giving three fur-
ther free parameters.
Details of the MCMC (including the range of parameters
for the scans and limits on observables) were given in Ta-
ble I of [35] for the light neutralino case and in [36] for
the general case.1 Physical quantities are computed by us-
ing micrOMEGAs2.4 [45] that we interfaced with NMSSM-
Tools [37] for the computation of the NMSSM spectrum and
particle physics constraints. For the case of the heavy neu-
tralino we extended our previous analysis in order to explore
more precisely the region outlined in [37] where the light Hig-
gses have a large singlet component and are heavily mixed.
For this we started some MCMC chains in the region with
λ> 0.5 and tanβ< 5.
In these scans, computing the relic density provides an im-
portant constraint on the Higgs sector. The latter was re-
quired to satisfy ΩWMAP h2 > Ωχ h2 > 10%ΩWMAP h2 with
ΩWMAP h2 = 0.1131± 0.0034 [46]. This sets a constraint on
the neutralino pair annihilation cross section in the primordial
Universe. Since neutralinos lighter than 15 GeV can either
be binos (as in the MSSM) or singlinos, the easiest way to
ensure significant annihilations is through resonant exchange
of a light scalar or pseudoscalar Higgs [35]. Hence light
A1 or H1 (mH1,A1 < 30 GeV) are preferred. However, when
the neutralino mass is large enough, annihilation mechanisms
through Z-exchange or light sleptons can also be efficient and
a very light Higgs singlet is no longer important.
III. HIGGS AND SUSY SEARCHES AT LHC USED FOR
THIS ANALYSIS
For a Higgs lighter than 140 GeV as preferred by the LHC
results, the main search channel is gg→ H → γγ, while the
channel gg→ H → VV also contributes (V denoting either
a W or a Z). Therefore we compute Rggγγ, RggZZ as well as
RggWW , see section I, where the decays also include the vir-
tual W/Z. Note that σ(gg→ H) is taken to be proportional
to Γ(H → gg) even though QCD corrections are different for
the two processes. One can reasonably assume that the effect
of QCD corrections cancels out when taking the ratio of the
NMSSM to the SM value. In what follows, we impose up-to-
1 Since these scans were performed, a new upper limit on Bs → µ+µ− was
published [44]. However we have checked a posteriori that the bulk of the
points fall below this limit, thus having little impact on our analysis, see
[34] in the light neutralino case.
date LHC constraints on the Higgs sector using HiggsBounds
3.6.1beta [47, 48] 2. In particular, the recent results in the
two-photon mode are taken into account as well as the limits
from the search for H → ττ¯ which impact the heavy Higgs
doublet sector of supersymmetric models [49, 50].
To find Higgs candidates compatible with the latest LHC
data, we impose (on top of all the particle physics and as-
troparticle constraints set in [35, 36]) LHC limits on sparti-
cles. In particular, we take into account the exclusion limit
coming from the ATLAS 1.04 fb−1 search for squarks and
gluinos via jets and missing ET [51]. For each SUSY point,
signal events were generated3 using Herwig++ 2.5.1 [52, 53].
Experimental cuts of each search channel were then applied
using RIVET 1.5.2 [54]. For the ATLAS jets and missing ET
searches, these are included [55] in the RIVET package.
In general these limits exclude the first and second genera-
tion squarks lighter than 0.6−1 TeV and gluinos lighter than
∼ 0.5 TeV. However they rely on the fact that, in the con-
strained MSSM, there are large branching ratios of the gluinos
and squarks into jets and the neutralino LSP (for the RH
squarks this branching ratio is nearly 100%). In the NMSSM,
this is not always the case: when the LSP is purely singlino,
the squarks and gluinos cannot decay to this LSP directly but
must do via an intermediate particle, frequently the second-
lightest neutralino. As noted in [56] this reduces the accep-
tance into jets + missing ET search channels, as the extra step
reduces the missing ET and may result in leptons. (SUSY
searches with leptons would have in fact greater sensitivity
but they do not compensate for the loss of sensitivity in the
0-lepton search [56]). If the intermediate state decays into the
LSP and a jet, there will also be greater alignment between the
missing pT and one of the jets – failing the angular separation
trigger ∆φ(jet,pmissT ).
In the analysis where we require sub-15GeV neutralinos,
whenever the coloured sparticles are light enough to be within
reach of the LHC they are associated with a singlino-like χ˜01.
Here the jets + missing ET search is observed to be less sen-
sitive for all of the aforementioned reasons and excludes very
few of the points4. In the analysis with unconstrained neu-
tralino mass, however, the singlet sector particles are gener-
ally much heavier, so that the LSP is not singlino-like. Thus
the usual q˜→ qχ˜01 and g˜→ qqχ˜01 decays take place and the fa-
miliar jets + missing ET exclusion is observed: mq˜ & 0.6− 1
TeV, mg˜ & 0.5 TeV.
2 Scripts for interfacing NMSSMTools with HiggsBounds are available at
http://www.ippp.dur.ac.uk/∼SUSY.
3 Note that the matrix elements used by all event generators for the hard
production of two SUSY particles are accurate only to leading order in
perturbative QCD. It is therefore desirable to supplement the resulting sig-
nal cross-section with an NLO K-factor for the production process, ob-
tained in a separate calculation. In the MSSM, Prospino is commonly
used; unfortunately for the NMSSM there is no automated calculation of
NLO cross-sections publicly available. Exclusion calculated without the
K-factor (O(1-3) in the MSSM) is therefore slightly conservative.
4 An interesting (rare) exception seen is the case of the intermediate particle
decaying to the LSP and a light Higgs that decays fully invisibly – giving
large missing ET .
4FIG. 1: Signal cross sections in the two- and three-jets channels of
the jets + missing ET search, for points in the light neutralino MCMC
scan. Red points have a bino-like LSP, blue points a singlino-like
LSP. The exclusion zone (σ2 j > 22fb, σ3 j > 25fb) is shaded.
Finally, it is interesting to note that the relative accep-
tance into different search channels can help to distinguish
a bino-like LSP from a singlino-like LSP: the latter produces
a higher average number of jets in the cascade. Fig. 1 illus-
trates this: we plot the signal cross sections in the two- and
three-jets channels of the jets + missing ET search, showing
both bino- and singlino-like LSP points from the analysis with
mχ01 < 15 GeV. The graph also shows the low level of ex-
clusion – singlino-like LSP points for the reasons discussed
above, bino-like LSP points simply because the squarks are
heavier and out of reach.
IV. HIGGS SIGNAL STRENGTH IN SCENARIOS WITH
NEUTRALINOS LIGHTER THAN 15 GEV
For a model to be compatible with the data, it is required
that the SM-like Higgs be in the observed mass range (say
[122-128] GeV) and the signal strength be consistent with the
data. As a criteria for Rggγγ, we choose a 2σ error bar around
the central value determined by ATLAS, thus 0.4 < Rggγγ <
3.6. This is also compatible with CMS results and SM expec-
tations (where RSMggγγ ≡ 1).
A. Loose constraint on the neutralino relic density
In this subsection, we present the results for the Higgs sec-
tor when the neutralino mass satisfies mχ˜01 < 15 GeV and one
applies only an upper limit on the relic density. Imposing the
condition of a light neutralino leads the MCMC to select mod-
els containing a light Higgs (mH,A . 30 GeV) which is mostly
a singlet. As mentioned earlier, this could be either a scalar H1
or a pseudoscalar A1. As illustrated in Fig. 2, we found that
H1 is typically much below the electroweak scale (thus with
a large singlet component) when H2 is SM-like. When H2 is
much heavier than 125 GeV, H1 is SM-like (reaching at most
up to ∼122 GeV) and the pseudoscalar A1 is basically a light
FIG. 2: Masses of the Higgs scalars H1,H2 and pseudoscalar A1.
Red points are ruled out either by HiggsBounds constraints or the
ATLAS 1fb−1 jets and missing ET SUSY search. Green points have
no Higgs with a mass in 122− 128 GeV, blue points have a Higgs
(H1 and/or H2) within this mass range, and black points have such a
Higgs with Rggγγ > 0.4.
singlet, see Fig. 2. It is nevertheless possible for both scalars
to be heavily mixed and have a mass around 100-130 GeV (in
this case A1 has to be light). In Fig. 2 blue and black points
show the scenarios with at least one of the scalars within the
range preferred by ATLAS and CMS. As one can see, this is
generally H2 since MH1 barely exceeds 122 GeV.
The predictions for Rggγγ as a function of the H2 mass are
displayed in Fig. 3 (bottom panel). We only display the region
where this channel is relevant, that is when mH2 < 150 GeV.
As one can see, all the configurations that were selected by
5the MCMC (and which were compatible with the constraints
that we imposed for the scans) have Rggγγ < 1. An explana-
tion is that, although H2 couplings are usually SM-like, large
suppressions in Rggγγ are possible because the width of the
Higgs is enhanced by many new non-standard decay chan-
nels [57]. In particular, H2 can decay into two neutralinos,
two light scalar Higgses (H1) or two light pseudoscalar Hig-
gses (A1) which reduces significantly the branching ratio into
two-photons.
In Fig. 3, all the points which do not satisfy either the
newest HiggsBounds limits or the SUSY searches in jets plus
missing ET are colored in red. As mentioned above very few
of these points are excluded by SUSY searches. The points
which fall within the Higgs observed mass range are high-
lighted in blue. Scenarios where the strength of the signal in
γγ is also compatible with the 2σ range reported by ATLAS
(Rggγγ > 0.4) are represented by black squares.
We have also computed Rggγγ for H1 and found that it is
usually much below unity because H1 has a large singlet com-
ponent. Only a few points have Rggγγ ≈ 1 and they correspond
to either a SM-like H1 with a mass near 122 GeV or to a very
light singlet.
Let us now examine the predictions for RggVV (with V =W
or V = Z) as a function of the H2 mass. Again the maximum
value is unity. RggVV can be much suppressed especially be-
cause of a large branching ratio into invisibles, hence a cor-
relation between the large suppression in the VV channel and
in the γγ channel. The results for RggVV are very similar to
those for Rggγγ shown in Fig. 3. It is interesting to note that
for all the scenarios where the H2 mass is above 130 GeV (i.e.
where the WW/ZZ modes are the dominant decay channels),
the signal strength RggVV is suppressed by at least a factor 3
and even often suppressed by one order of magnitude. Hence,
a non SM-like H2 Higgs with a mass of about 140 GeV (corre-
sponding to a scenario similar to the MSSM) is still allowed.
Interestingly enough, these NMSSM scenarios could not
be distinguished from the MSSM based on the two-photon
channel (and/or the WW channel) since both have a maxi-
mum signal strength of about unity. However a search for
the singlet Higgs would give a distinctive NMSSM signature.
As we have mentioned, these light neutralino models must
also have a light singlet Higgs and thus non-standard decays
occur. The effect of these decays on the signal strength is
shown in Fig. 4 and the distribution of the decays in Fig. 5
for the points compatible with the observed excess. Clearly,
too large branching ratios into non standard modes (such as
χ˜01χ˜
0
i ,H1H1,A1A1) would render the two-photon mode invisi-
ble or suppressed with respect to the SM prediction [57]. In
fact, in order for the signal strength Rggγγ to be compatible
with Rggγγ > 0.4, the branching ratio BRH2→invisible must be
lower than ∼ 60%.
The existence of decay modes such as H2→H1H1 or A1A1,
with the singlet Higgs further decaying into Standard Model
particles remains nevertheless interesting because such modes
give a distinctive signature which could be searched for at
LHC and would constitute evidence for new physics if they
are found. Extraction of this signal from background via jet
substructure techniques has been studied for H → 2A→ 4τ
FIG. 3: Rggγγ as a function of the mass of H1 (top panel) and of H2
(the more usual candidate; bottom panel) in the light neutralino LSP
model. Same colour code as Fig. 2.
in [58], H → 2A → τ τ¯µµ¯ in [59], and H → 2A→ 4 g (less
relevant for SUSY due to tanβ suppression) in [60, 61]. These
decays with an intermediate scalar (H1) instead of an interme-
diate pseudoscalar (A1) give the same signal.
A reduced two-photon signal could also be due to a sizable
branching ratio of the Higgs into χ˜01χ˜
0
1 and χ˜
0
1χ˜
0
2. Indeed this
generally dominates over the decay to lighter Higgses in this
sample. H → χ˜01χ˜02 occurs mainly when the LSP is singlino:
the bino/higgsino/singlino NLSP can be significantly lighter
than 100 GeV thus allowing sufficient phase space for the de-
cay. This mode is also possible for a bino LSP and a higgsino
NLSP but the phase space is quite limited. Note that the NLSP
χ˜02 can also have decay modes into light Higgses which further
6 0.4
 0.5
 0.6
 0.7
 0.8
 0.9
 1
 0  0.1  0.2  0.3  0.4  0.5  0.6
R
gg
γγ
 
(H
2)
BR(H2 -> χ~1,20χ~1,20,  H1H1  or  A1A1)
FIG. 4: Showing the reduction in diphoton signal strength from H→
γγ competing with new BSM decays. Here only points with a Higgs
mass between 122-128 GeV and with Rggγγ > 0.4 are included.
 0.1
 1
 10
 0  0.2  0.4  0.6
Fr
eq
ue
nc
y
BR(H2 -> χ~10χ~10)
 0.1
 1
 10
 0  0.2  0.4  0.6
Fr
eq
ue
nc
y
BR(H2 -> χ~10χ~20)
 0.1
 1
 10
 100
 0  0.1 0.2 0.3 0.4 0.5
Fr
eq
ue
nc
y
BR(H2 -> H1H1)
 1
 10
 100
 1000
 0  0.02  0.04
Fr
eq
ue
nc
y
BR(H2 -> A1A1)
FIG. 5: The distribution of the different BSM decay channels for
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decay in fermion pairs.
Another distinctive feature of the NMSSM Higgs sector
would be the direct search for H1. We have seen that the
gg→ H1 → γγ channel is suppressed. This is also true for
other channels; indeed the couplings of H1 to SM particles is
suppressed by the singlet component. For the bb¯ production
mode, the suppression can be in part compensated by a tanβ
enhancement. However in our scans we found that the H1bb
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FIG. 6: Rggγγ as a function of MH2 in the light neutralino LSP model
when the relic density is compatible with WMAP. Same colour code
as Fig. 2.
coupling could reach at most its SM value. Thus the produc-
tion of H1 in association with b-quarks followed by the decay
of the Higgs into tau pairs does not benefit from an enhance-
ment over the SM expectations.
B. Upper and lower limit on the neutralino relic density
If we now select only the points which predict a relic den-
sity at the WMAP observed value (more precisely we impose
ΩmaxWMAPh
2 > Ωh2 > 0.999 ΩminWMAPh
2 where Ωmax,minWMAP is ±1σ
from the central measured value of WMAP), we find strong
constraints on the parameter space as light Higgses in the s-
channel or in the final states may reduce the relic density too
much. However, the results for the Higgs sector which are
compatible with the latest LHC data are similar to the ones
that were discussed in the previous subsection. For complete-
ness we show the expectations for Rggγγ for these points in
Fig. 6.
V. SIGNAL STRENGTH IN SCENARIOS WITH HEAVY
NEUTRALINOS
We repeated the analysis for the MCMC scan in which there
is no mχ01 < 15 GeV requirement. We first consider the impact
of Higgs searches at LHC. The effect of also imposing the
relic density condition and SUSY searches will be discussed
in section V B.
7A. Loose constraint on the relic density
As opposed to the previous case with a light neutralino we
find that in general the Higgs in the mass region preferred by
the LHC is a SM-like H1. Indeed, without very light neutrali-
nos, a very light singlet sector is not needed for resonant anni-
hilations. Thus the associated values for Rggγγ are naturally of
order unity (see the black squares in Fig. 7, top panel). Nev-
ertheless we found cases where Rggγγ < 0.4, when invisible
decay modes (such as H1 → χ˜01χ˜01 or H1 → A1A1) are kine-
matically accessible.
We also found points with Rggγγ > 1; these were mostly
associated with a Higgs mass below the LHC preferred range.
Indeed, the light Higgs has a large singlet component, which
leads to suppressed couplings to SM particles, in particular
to bb¯. The suppression of the partial decay width for H1 →
bb¯, and thus of the total width, leads to a larger branching
ratio in the H1 → γγ [29, 30, 62]. For mH1 > 122 GeV, the
increase in Rggγγ is generally modest (below 20%) except for
a few points where both Higgses are heavily mixed and have
a large singlet component. An enhancement with respect to
the SM expectations is found for large values of λ and small
values of µ (below ≈ 200 GeV). Under these conditions the
mixing between the singlet and doublet Higgs is large and the
singlet Higgs is light. Recall that the mass of the singlet Higgs
depends on µ with m2S = κµ/λ(Aκ+4κµ/λ) [27, 63].
Note that in Fig. 7 top panel, we found scenarios where H2
is in the observed range while H1 is lighter and has Rggγγ 1.
This means that even though H1 has evaded present con-
straints from LHC, these points offer good prospects for dis-
covery of a second Higgs scalar in the next run of the LHC.
Such a signal would allow to distinguish the NMSSM Higgs
sector from the MSSM one.
H2 masses extend over a wide range (all the way to several
TeV’s) and include some points in the mass region preferred
by the LHC. The values of Rggγγ for H2 are displayed in Fig. 7
(bottom panel) for the range of masses where the two-photon
search mode is relevant. We found that the signal strength
reaches values as high as Rggγγ = 2. This enhancement with
respect to the SM expectations is found when H2 has some
singlet component and a suppressed partial width to bb¯. (H1,
conversely, has an enhanced bb¯ partial width and a reduced
signal strength Rggγγ. )
As mentioned above, when 0.4 < Rggγγ < 1 for H2, the
signal strength for the lighter Higgs can be enhanced. We
have also found points where Rggγγ < 1 for both H1 and H2.
This can be due to the presence of invisible modes or to the
presence of a singlet component for which the suppression in
the Higgs coupling to gg compensates the increase of the γγ
branching ratio.
B. With a lower limit on the relic density
Finally we analyse the impact of requiring the relic density
condition. Imposing a strict lower limit on the relic density
strongly constrains the scenarios where the singlet component
of the light Higgs leads to Rggγγ > 1. As mentioned above,
FIG. 7: Rggγγ as a function of the mass of H1 (top panel) and of
H2 (bottom panel) in the arbitrary neutralino LSP model. In the top
panel most points are on top of one another at high mass and high
Rggγγ. Same colour code as Fig. 2 except red points are denoting
only exclusion by HiggsBounds.
these points were found for µ< 200 GeV. Hence the LSP has a
non-negligible higgsino component, usually leading to a relic
density below the preferred WMAP range. After imposing
the strict lower bound on the relic density, we found that H1
was in general within the LHC preferred range, while H2 was
heavy, its mass extending above the TeV scale. Rggγγ for H1 is
displayed in Fig. 8: the relic density constraint has removed
most of the points where the signal strength was enhanced (the
maximum value is now 1.06).
We also considered the constraint from the jets and miss-
ing ET SUSY search for those points with a Higgs of mass
122− 128 GeV. Exclusion is observed in this mass range
for any signal strength, showing as expected that there is
no direct correlation between the first and second generation
squarks and the Higgs sector. Finally we have checked that
these points were compatible with the latest upper limit on
Br(Bs→ µ+µ−)< 4.5×10−9 from LHCb [64].
8FIG. 8: Rggγγ as a function of the mass of H1 (the more usual can-
didate) for points with a relic density within the WMAP range. A
handful of points are also seen at masses lower than those shown,
with reduced signal strength. Same colour code as Fig. 2.
VI. PROSPECTS AND CONCLUSION
In this paper, we have investigated the Higgs signal strength
expected in scans of the NMSSM scenarios in which we have
applied particle physics as well as astroparticle physics con-
straints. In particular we have imposed that the neutralino relic
density does not exceed the WMAP observed value nor the
limit imposed by direct detection experiments and does not
overproduce gamma rays and radio waves in the galaxy. We
also took into account limits from B- physics, (g−2)µ, as well
as LEP, Tevatron and LHC limits on the Higgs and SUSY par-
ticles.
We found many scenarios where either H1 or H2 had a mass
in the range [122-128] GeV and a signal strength compatible
with the Standard Model. We also found scenarios where the
signal strength in the two-photon mode was as large as the
excess reported by ATLAS and CMS. However for most of
these points the neutralino would form only a fraction of the
observed dark matter. If a Higgs is confirmed at the LHC with
a signal strength in excess of the SM expectations, it would be
a clear indication of BSM physics, while if the signal strength
is compatible with SM expectations, it might be necessary to
search for light pseudoscalar or scalar Higgs in order to de-
termine whether one has discovered the SM Higgs or BSM
physics.
When insisting on a light neutralino, we found that the most
promising configurations favour a SM-like H2 rather than a
H1 SM-like Higgs and therefore predict the existence of a
light Higgs dominantly singlet. The possibility of observ-
ing a second light Higgs provides a distinct signature of the
NMSSM Higgs sector. This could be done directly, e.g. via
the diphoton search for an SM-like Higgs with higher lumi-
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FIG. 9: The modified jets + missing ET signal in the NMSSM with
a singlino-like LSP, when a decay χ˜02→ χ˜01 +Higgs is kinematically
accessible. Because the χ˜02 are boosted, the missing pT vector will
point in between the two b-jets.
nosities; or indirectly via the decay of the heavier Higgs, e.g.
H2→ (2H1 or 2A1)→ ττ¯.
Furthermore we note that the traditional jets + missing ET
signature of squarks and gluinos in the MSSM can be modi-
fied in a very interesting way in the NMSSM, when the LSP is
singlino-like and the second-lightest neutralino χ˜02 can decay
to a Higgs. The χ˜02 is expected to be boosted (generically be-
ing much lighter than the squarks and gluinos), and the lighter
Higgs which it decays to (H1 or A1) is expected to further de-
cay into bb¯ 5. This extra step in this cascade compared to the
MSSM 2q˜→ 2q+ 2χ˜02 adds jets and halves the missing ET ,
dimming discovery prospects. However a distinctive topol-
ogy results: the boosted nature of the intermediate χ˜02 means
the missing pT vector will point in between the two doubly-
tagged b-jets. We illustrate this scenario in Fig. 9 for disquark
production. Gluinos tend to decay to a neutralino plus two
jets rather than one, as is well known; otherwise the signal
remains the same as for squarks. Calculation of the Standard
Model background and estimation of the systematic error in
measuring such a signal are clearly vital, but beyond the scope
of this work.
The NMSSM Higgs sector can however be very similar
to the MSSM, or even the SM, with only a light SM-like
scalar and much heavier scalars and pseudoscalars. In this
case searches for the superpartners, and in particular pecu-
liar signatures associated with the singlino LSP (e.g. bino→
singlino + soft ll¯ [65]), offer the only possibility to identify
the NMSSM.
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